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OBJECTIVE: A novel skin assessment tool named “skin blotting” has been recently developed, 
which can easily predict the skin status to avoid its deterioration. The aim of this study is to 
propose a normalization method for skin blotting to compensate for individual differences that 
can hamper the quantitative comparisons and clinical applications. 
METHODS: To normalize individual differences, we utilized a total protein as a “normalizer” 
with calibration curves. For evaluation, we performed a simple simulation experiment, in which 
the same concentration of a protein of interest [tumor necrosis factor (TNF)-α] was applied at 
different volumes as a virtual individual difference. Moreover, to demonstrate the applicability 
of this normalization, male volunteers were recruited for skin blotting followed by the 
estimation of TNF-α with normalization. 
RESULTS: We obtained good calibration curves for total protein (R
2
 = 0.995) and TNF-α (R
2
 = 
0.997), both of which were necessary for an exact quantification. In the simulation experiment, 
we estimated the exact concentration of TNF-α regardless of the applied volume, demonstrating 
the applicability of this normalization method in skin blotting. Further, skin blotting on human 
subjects showed a wide range of variation in the total protein content, although the 
normalization was thought to reduce such individual variations. 
CONCLUSION: This study has proposed total protein normalization for skin blotting with 
calibration curves. This method may strengthen the quantitative performance of skin blotting, 
which may expand the applicability of this method as a skin assessment tool in broader fields, 
such as nursing and cosmetology. 
Key words: Biotechnology/Fermentation; Safety testing; Skin blotting; Skin 
physiology/structure; Normalization 
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The skin is the largest organ of our body, serving as a barrier against several external invasions, 
such as mechanical, chemical, and bacterial insults. In addition, the skin participates in water 
retention, sensory acquisition, immune reaction, and the appearance of our body [1, 2]. In 
contrast, apparent skin disorders, such as wounds, burns, pressure ulcers [3], psoriasis [4], 
dermatitis [5], and infections can interfere with the function of the skin, cause secondary 
dysfunctions (e.g., pain, discomfort, and psychological uncertainty), and may ultimately 
deteriorate the quality of life [6-9]. Beside these drawbacks, the skin can also be fragile, and 
several conditions, such as obesity and aging can adversely affect skin integrity without any 
apparent symptoms. For example, a mouse model for obesity has shown severe difficulties, 
involving wound healing [10, 11] and the same has been equally true for human subjects [12]; 
obese subjects may have a higher prevalence of pressure ulcers [13] and a number of studies 
have reported the association between obesity and psoriasis [14]. Furthermore, it has been 
reported that the skin of obese people is continuously exposed to oxidative stress, 
collagen-degrading enzymes [15], and inflammatory cytokines, e.g., tumor necrosis factor-α 
(TNF-α), all of which may be linked to skin weakness [16-20]. In another instance, skin 
maceration caused by incontinence leads to incontinence-associated dermatitis, which can be 
prevented by assessing the reduction of skin barrier function using a simple skin assessment tool 
[21]. From these findings, it may be important to assess the property of skin in a biochemical 
manner before the appearance of obvious drawbacks such as wound development that may 
affect the quality of life. 
Under these circumstances, several types of non-invasive skin assessment tools have 
been thus developed using laser analysis [22], skin fluorescence [23, 24], trans-epidermal water 
loss [25], confocal microscopy [23], and ultrasonography [19, 20]. However, all these 
assessment tools require specialized equipment and training; thus, they are difficult to manage 
as daily assessment tools. 
Minematsu et al. have recently developed a novel, non-invasive, and easy-to-handle 
skin assessment method called “skin blotting” [26]. Soluble proteins (e.g., TNF-α, nerve growth 
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factor-β, and matrix metalloproteinase-2) in the dermis and epidermis can leak by diffusion 
through the epidermis and follicles when the skin is slightly macerated [18, 27]. In this method, 
a prewetted nitrocellulose membrane is patched to the region of interest on the skin, which 
creates a slightly macerated state. Under such a condition, the soluble proteins that leak from the 
epidermis and dermis can be captured by the membrane. The proteins on the membrane can then 
be analyzed using immunoblot techniques. This method is similar to the tape stripping method 
[28]. However, the tape stripping method can only capture the proteins from the stratum 
corneum, the very superficial layer of the skin; with this method, the real-time assessment of 
deeper skin layers may be more difficult. In addition, the tape stripping may be relatively more 
invasive than skin blotting, particularly for the elderly, obese people, and infants because it 
peels the stratum corneum off the skin, which may reduce the barrier function. 
Considering the principle behind skin blotting, the quantitative analysis of skin 
blotting largely relies on the equality of the permeability of the proteins, the skin barrier 
function, and protein adsorption into the membrane. However, such equalities can be hardly 
achieved because skin conditions can greatly vary between individuals [29, 30]. Therefore, a 
“normalizer,” such as a housekeeping protein should be employed to eliminate these individual 
differences as much as possible. However, it is impossible to select specific proteins (e.g., 
β-actin, broadly used in Western blotting) because these proteins generally do not leak from the 
cells unless the cells are disrupted. Considering such restrictive conditions, normalization could 
be achieved by quantifying the total protein content on the membrane, as performed in the tape 
stripping [28] and Sebutape methods [31]. Moreover, it is important to express the content of the 
protein of interest as an absolute quantity instead of using an arbitrary unit (i.e., intensity itself) 
because the intensity of immunodetection can vary according to the experimental conditions and 
examiners, thereby making it difficult to compare results among individuals and experiments 
unless performed by the same examiner at the same time. 
In this study, therefore, we attempt to facilitate a normalization method of skin blotting 
by quantifying the total protein content on the membrane with a recent low-background protein 
staining technique [32]; we also attempt to express the protein content as an absolute quantity 
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using calibration curves. 
Methods 
Skin blotting with human subjects 
To evaluate normalization using the total protein content on the membrane, skin blotting on 
human subjects was performed as previously described [26] with the approval of the Medical 
Ethics Committee of Kanazawa University (#430); we also followed the Declaration of Helsinki. 
Nineteen healthy males (age: 43.7 ± 14.0) with a body mass index (BMI) of <25 (range: 20.8–
24.7) and five obese males (age: 36.6 ± 7.99) with a BMI of >30 (range: 30.9–34.7) were 
recruited, in which a distinct difference in the level of chronic inflammation (i.e., TNF-α) was 
expected. A written informed consent was obtained from each participant before surveillance. 
After the completion of a verbal questionnaire about age and sex and the measurement of height 
and body weight (for a BMI calculation), a nitrocellulose membrane (1 cm × 1 cm; Bio-Rad 
Laboratories, CA, USA) prewetted with 10 µl saline was attached to the skin at 2 cm left to the 
navel, where the differences in dermal structure and level of oxidative stress were observed [20], 
for 10 min. The membranes were stored at 4°C until further analyses. 
Calibration curve 
For the quantitative analysis of the total protein content and TNF-α, calibration curves were 
prepared for each item. In brief, bovine serum albumin (BSA; Nacalai Tesque, Kyoto, Japan) 
and TNF-α peptide (Santa Cruz Biotechnology, CA, USA) were used as the total and TNF-α 
protein standards, respectively. Serial dilutions of BSA (800, 320, and 128 ng µl
−1
) and TNF-α 
(1600, 640, and 256 pg µl
−1
) were prepared, and 1 µl of each solution was dropped onto separate 
membranes. These membranes were then analyzed by the method described below. 
Membrane analysis with total protein staining 
Membrane analysis was performed as previously described [26] with a modification for the total 
protein staining. In brief, the membranes (1 cm × 1 cm) after skin blotting were first stained 
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with 3% (w/v) Reactive Brown 10 [32] (RB10; Sigma–Aldrich, MO, USA) in water for 2 min. 
They were then washed with water for several times until the background staining was bleached. 
For densitometry of the total protein content, scanned images of the membranes was obtained 
with a graphics scanner (GT-S640, Seiko Epson Corp., Nagano, Japan) with no gamma 
correction. Next, the membranes were washed with 0.1% (v/v) Tween-20 in Tris buffered saline 
(pH = 7.4) for 5 min, followed by blocking with Blocking One (Nacalai Tesque) for 30 min and 
incubation with anti-TNF-α antibody (1:200; Santa Cruz Biotechnology) at 4°C overnight. On 
the next day, the membranes were washed and incubated with horseradish 
peroxidase-conjugated secondary antibody (1:1000; Santa Cruz Biotechnology) at room 
temperature for 60 min. Following repeated washing, the signals were detected with Clarity 
Western ECL Substrate (Bio-Rad Laboratories) and the ChemiDoc MP system (Bio-Rad 
Laboratories). The total protein and TNF-α images were densitometrically analyzed using 
ImageJ software (National Institutes of Health, MD, USA). The cumulative signal intensity of 
total protein or TNF-α was calculated over the entire surface except the edge of each membrane 
with the same area, which enables the direct comparison of spotted (e.g., membranes for a 
calibration curve and the punctate signals of TNF-α) and diffuse (e.g., background staining) 
signals. 
 
Evaluation for total protein normalization 
To evaluate the effectiveness of total protein normalization, we performed a simple simulation 
experiment as follows. We prepared a mixture of BSA and TNF-α as a simulant skin protein. 
Two different concentrations of TNF-α (700 pg µl
−1
 as “high” and 350 pg µl
−1
 as “low”) in the 
same concentration of BSA (300 ng µl
−1
) were prepared to simulate the physiological variations 
of TNF-α. For the simulation of protein adsorption to the membrane, different volumes (1, 1.5, 
or 2 µl) of the mixture were dropped onto the separate membranes and analyzed as described 
above. Total protein normalization was then performed by simply dividing the amount of TNF-α 
by that of BSA. 
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We used GraphPad Prism software (version 6.0f; GraphPad Software, Inc., CA, USA) to 
calculate the calibration curves and to compare the two groups in simulation experiments by 
two-way analysis of variance followed by Tukey’s post hoc test. In skin blotting analyses for 
human subjects, Student’s t-test or Mann–Whitney U test was used for comparison between 
healthy and obese groups after the F-test of equality of variances. For logarithmic 
approximation, we used a two-parameter formula Y = a–b·log X. A p value of <0.05 was 
considered statistically significant. 
 
Results 
Calibration curves for total protein (BSA) and TNF-α 
First, we serially diluted BSA and TNF-α and prepared calibration curves with a fixed amount 
of BSA or TNF-α (x-axis) versus the signal intensity calculated by ImageJ software (y-axis). For 
total protein staining, we obtained visible spots whose intensity correlated to the amount of BSA 
(Fig. 1A; RB10), whereas no positive staining was observed on the TNF-α-spotted membranes 
(Fig. 1B; RB10). Further, we obtained a good (adjusted coefficient of determination R
2
 = 0.995, 
n = 3) calibration curve with a logarithmic approximation (Fig. 1A). In the same manner, a 
calibration curve of TNF-α was obtained (Fig. 1B; adjusted R
2
 = 0.997, n = 3). Positive signals 
of TNF-α immunoblotting were detected only on TNF-α-spotted membranes (Fig. 1B; TNF-α) 
but not on the membranes with a drop of BSA solution (Fig. 1A; TNF-α). The following 
experiments were performed with the ad hoc calibration curves of BSA and TNF-α. 
 
Efficacy of total protein normalization 
To evaluate the effectiveness of total protein normalization, a simple model was prepared (Fig. 
2A, B). We prepared two different concentrations of TNF-α (700 pg µl
−1
 as “high” and 350 pg 
µl
−1
 as “low”) in a fixed concentration of BSA (300 ng µl
−1
) to simulate the physiological 
variation of TNF-α. These mixtures were dropped onto separate membranes with different 
volumes (1, 1.5, or 2 µl), which reflected the protein adsorption difference to the membrane (Fig. 
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2B). As a result of this quantification, the calculated amount of TNF-α was proportional to the 
droplet volume (Fig. 2C). The quantification of BSA also showed a similar result in which the 
amount of BSA reflected the applied volume of mixture to the membrane (Fig. 2D). After total 
protein normalization, the normalized amount of TNF-α showed comparable values regardless 
of the droplet volume (Fig. 2E; n.s., p = 0.70), whereas high and low concentrations of TNF-α 
could be distinguished (Fig. 2E; p < 0.0001 between “high” and “low” TNF-α). This simple 
simulation showed that total protein normalization could eliminate the effect of the droplet 
volume (i.e., differences in protein adsorption to the membrane). 
 
Total protein normalization after skin blotting 
We wanted to demonstrate the applicability of total protein normalization in practical skin 
blotting among human subjects. As a result of skin blotting on 19 healthy and 5 obese male 
volunteers, we confirmed a wide range of variation in the total protein content on the membrane 
(Fig. 3A, B). After total protein staining, we successfully detected signals of TNF-α by 
immunoblotting (Fig. 3C) except for six undetected samples (i.e., under the detection limit). The 
quantification of TNF-α without normalization did not show the significant difference between 
healthy and obese people (Fig. 3D; p = 0.69, Mann–Whitney U test). After normalization, 
however, the difference became significant (Fig. 3E; p = 0.006, Student’s t-test). 
 
Discussion 
The aim of this study was to improve the quantitative performance of skin blotting [26], which 
is required for its general application as a skin assessment tool. To achieve this, we employed a 
novel, sensitive, and selective dye to stain the total protein on the membrane, which was then 
used as a normalizer for the protein of interest. We then evaluated the applicability of 
normalization through simulation and clinical experiments. 
 
Why should total protein normalization be employed for skin blotting? 
Skin blotting is a non-invasive and easy-to-handle method, which can evaluate the soluble 
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protein content in and on the skin [26] and now has been used in several studies to show the 
properties of skin inflammation [26, 27], soluble skin components, and skin remodeling-related 
enzymes [18]. It has been reported that skin frailty is closely related to the degree of oxidative 
stress [16, 19] and skin inflammation with cytokine secretion [11, 18, 28, 33], and that such 
deteriorations were caused by obesity [16, 20, 34] and aging [18], both of which are now 
increasing worldwide. Considering these situations, it will be of importance to assess skin 
properties on a molecular biological basis (i.e., cytokines and gene expression) before the skin 
shows apparent symptoms, such as delayed wound healing [35, 36], skin tears [18, 37], or 
pressure ulcers [38]. F r convenience and an ease of use, skin blotting may be an appropriate 
method to easily assess the properties of skin before the skin deteriorates. 
The principle of skin blotting is based on the mild, temporal disruption of the skin 
barrier by local maceration, which allows protein to leak from the epidermis and dermis. 
However, the skin status, such as the skin barrier function and skin thickness can greatly vary 
among individuals; for example, the number of wrinkles is associated with age, sex, and sun 
exposure [29]; the water content of skin differs according to age and the places lived [30]; and 
the thickness of the dermis is greater in overweight (25 ≤ BMI < 30) people compared with 
non-overweight (BMI < 25) people [20]. Therefore, individual differences in skin properties 
should be considered when comparing the content of the protein of interest (e.g., cytokines) 
among individuals. In addition, protein adsorption to the membrane may be profoundly affected 
by the nature of the membrane (e.g., moistness and temperature) and handling by the operator 
(e.g., the force of membrane attachment). Considering such fluidity, it is difficult to compare the 
results of different individuals unless a normalizer is employed. Some of the quantitative 
methods for skin assessment involve normalization by the total protein content [28, 31]. 
Therefore, in this study, we attempted to employ the total protein content on the membrane as a 
normalizer (Fig. 2A) as utilized in previous studies. 
 
RB10 as a potential total protein staining in skin blotting 
There are a number of staining methods for total protein, including Coomassie brilliant blue 
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(CBB) R-250 [39], Ponceau S [40], colloidal gold [41], and SYPRO Ruby [42]. Of these 
methods, we first tested the CBB method for total protein staining on the membrane; however, 
the background staining was too high to distinguish a small amount of protein (i.e., CBB 
staining was apparent even on the membrane without protein). Colloidal gold and SYPRO Ruby 
staining are highly sensitive methods to detect total protein. However, the former takes at least 
one hour and generally up to a day for protein staining, and the latter requires special imaging 
equipment for signal detection. A novel method for total protein staining utilizing a fabric dye 
RB10 has been recently proposed [32]. In this method, total protein can be stained under neutral 
pH conditions, a milder environment than CBB (acidic); thus, the staining may not affect the 
subsequent immunodetection process. The immunodetection of TNF-α after RB10 staining was 
indeed successfully achieved (Fig. 3C). In addition, RB10 can easily be bleached by washing 
with water where proteins do not exist. The sensitivity of RB10 may be considerably higher 
than CBB as we could see a specific staining on the skin blotting membrane with RB10, 
whereas CBB staining yielded such a high background pattern that we were unable to tell 
whether the staining was due to proteins or the remaining dye. Moreover, the RB10 signal can 
be scanned by a commercially available document scanner unless gamma correction is not 
applied. Most importantly, the calibration curve showed a good linearity (Fig. 1), enabling the 
reliable quantification of total protein on the membrane. Considering these advances, we 
propose RB10 as a total protein staining method for individual normalization. 
 
Utilizing calibration curve for estimating protein of interest in skin blotting 
In the original method of skin blotting, the amount of the protein of interest detected by 
immunoblotting was evaluated by its intensity. In this study, to ensure accuracy and to enable 
inter-experimental comparison, which may be difficult using intensity quantification, we 
attempted to express the content of the protein of interest as an absolute quantity (i.e., using 
grams rather than an arbitrary unit). This could be achieved, like a total protein normalization, 
by a calibration curve for the protein of interest (TNF-α in this study) that showed a good 
linearity (Fig. 1B). This method may enable an easier comparison of the protein content in a 
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different experimental setup. 
 
Applicability of total protein normalization in skin blotting 
To evaluate the effectiveness of this normalization method, we performed a simple simulation 
experiment (Fig. 2B). In this method, we prepared two different concentrations of TNF-α (700 
pg µl
−1
 as a “high” and 350 pg µl
−1
 as a “low” samples) with the fixed concentration of BSA 
(300 ng µl
−1
). These mixtures were considered human samples with different TNF-α 
concentrations. Next, we prepared three membranes and 1, 1.5, or 2 µl of the mixture was 
dropped onto each membrane. The difference in the applied volume was expected to reflect 
individual differences in protein adsorption to the membrane. In this manner, the different 
amount of TNF-α would be detected as the volume differed: 700, 1050, or 1400 pg (in a “high” 
sample) and 350, 525, or 700 pg (in a “low” sample) of TNF-α on the 1-, 1.5-, or 2-µl 
membrane, respectively, although the sample was the same and thus those membranes should 
have shown the same results. The different amount of TNF-α was indeed detected in the same 
sample but with a different droplet volume (Fig. 2C). However, this apparent and false 
difference could be eliminated (Fig. 2E) by a total protein content that reflected the protein 
adsorption (Fig. 2D) proposed in this study (Fig. 2A). We should note that the different 
concentrations of TNF-α (“high” and “low”) were falsely reported to be the same amount if the 
applied volume was different (Fig. 2C; denoted by §). Such false quantification could be 
avoided after total protein normalization was applied (Fig. 2E). From these results, it is 
plausible that total protein normalization in skin blotting can increase the quantitative 
performance by reducing individual instability caused by the difference in protein adsorption. 
Next, we wanted to know the applicability of this normalization method to practical 
skin blotting in human participants. Therefore, we recruited healthy and obese male volunteers 
for the quantification of TNF-α with total protein normalization, because they reportedly show a 
distinct difference in skin property such as dermal structure and the level of oxidative stress in 
the abdominal skin [19, 20], and thus the different level of TNF-α was likewise considered 
plausible. As a result of skin blotting, we could observe a wide variation of total protein content 
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on the skin blotting membrane (Fig. 3A, B). These results implied the requirement of 
normalization. For example, the amount of TNF-α in Figs. 3C1 and 3C2 were almost the same 
(1239 and 1046 pg per membrane, respectively); however, the total protein content of the 
corresponding membranes (Fig. 3B1 and 3B2) were considerably different (97 and 239 ng per 
membrane, respectively). As a result of normalization, these membranes were determined to 
have a different concentration of TNF-α [12.7 and 4.4 (pg ng
−1
) per membrane, respectively], 
which could not have been achieved without total protein staining. In contrast, the membrane 
shown in Fig. 3C2 had a higher level of TNF-α than that shown in Fig. 3C4 (1082 and 600 pg 
per membrane, respectively). However, the total protein content (Fig. 3B2 and 3B4) were 239 
and 134 ng per membrane, respectively; after normalization, the concentrations of TNF-α were 
similar at 4.4 and 4.5 (pg ng
−1
) per membrane. Therefore, it is plausible that there would be an 
erroneous quantification of TNF-α if normalization was not employed. 
Because obesity can increase the level of TNF-α [[43-45] and unpublished data], it is 
feasible that the amount of TNF-α in the skin blotting is greater in the obese people (BMI >30) 
than healthy people (BMI <25). However, we observed no difference in TNF-α amount itself 
between healthy and obese groups (Fig. 3D). After normalization, the higher level of normalized 
TNF-α was observed in obese males compared to healthy ones (Fig. 3E), which is consistent 
with the previous findings. Although the target of this experiment was limited to males and the 
number of obese males was very small (n = 5), and thus it requires careful interpretation as a 
clinical outcome, at least plausible results were obtained to show the applicability of total 
protein normalization. 
From these results, it can be theorized that total protein normalization would be 
beneficial for a more precise quantification of skin blotting, in that the individual differences in 
protein adsorption to the membrane would become negligible. 
 
Limitations of this study 
As the protein of interest was also included in the “total protein”, it was possible that total 
protein normalization may underestimate the content of the protein of interest. At least in this 
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study, this was not the case because the total protein staining of TNF-α was below the detection 
limit (Fig. 1B, RB10; note no signals in TNF-α-spotted membranes). It may be necessary to 
make sure that the maximum concentration of the protein of interest is below the detection limit 
of total protein staining. 
Another limitation of this study was that we could not verify this method in humans, 
as we did not know the exact amount of TNF-α on human skin unless we employed skin 
biopsies. An animal experiment in which the skin can be directly analyzed by histochemical 
assays may be further required to assure the accuracy of this method. Nevertheless, this 
normalization method appears to be one of the best candidates for the quantification of skin 
blotting (Figs. 2 and 3), in terms of reproducibility and manageability. 
 
Conclusion 
In conclusion, this study has proposed an easy and reproducible normalization method 
for quantitative skin blotting by analyzing the total protein content on the membrane with a 
recent protein staining dye. We believe that the addition of this method can strengthen the 
quantitative performance of skin blotting. We also believe that this method will make skin 
blotting easier and more usable in a broader field, such as nursing and cosmetology, for 
predicting the physiological state of skin and preventing skin disorders before they worsen. 
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Figure legends 
Figure 1. Calibration curves for total protein and TNF-α. (A) A calibration curve of BSA for 
total protein and (B) for TNF-α. The experiment was repeated three times and the average was 
used for calculations. The data are shown as means ± the standard error of the mean (SEM). The 
unit a.u. stands for arbitrary unit. 
 
Figure 2. Simulation experiment of total protein normalization. (A) Principle of the simulation 
experiment. In this simulation, difference in the TNF-α concentration reflects the physiological 
TNF-α amount on the skin, and the droplet volume reflects the difference in protein adsorption 
to the membrane, which can be estimated by the amount of BSA (i.e., total protein). (B) 
Experimental paradigm. In this experiment, different (1, 1.5, or 2 µl) volumes of the same 
concentration of BSA (300 ng µl
−1
) with different concentrations of a TNF-α [700 (high) or 350 
(low) pg µl
−1
] mixture were applied to separate membranes and analyzed according to the 
calibration curves. (C) As expected, the detected amount of TNF-α was proportional to the 
droplet volume, although the concentration of TNF-α was the same. Note that the different 
concentrations of TNF-α were falsely detected as the same amounts due to the droplet volume 
(denoted by §). (D) The amount of BSA (total protein) showed similar results, corresponding to 
the applied volume of the mixture. (E) As a result of total protein normalization, high and low 
concentrations of TNF-α could be distinguished regardless of the applied volume (repeated 
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three times; *p < 0.0001). n.s.: not significant. The experiment was repeated three times and the 
average was used for calculations. The data are shown as means ± SEM. 
 
Figure 3. Total protein normalization of skin blotting on human subjects. (A) Variation of total 
protein amounts on the membrane. In boxplot, each border in the box shows the 25, 50, and 75 
percentile from the bottom, with a min–max whisker. (B, C) Examples of total protein staining 
(B) and TNF-α immunoblotting (C). The same number indicates the same membrane. (D, E) 
Plots of TNF-α amount without (D) or with (E) normalization in healthy (BMI < 25; n = 13) and 
obese (BMI > 30; n = 5) males. In (E) the data are shown as means ± standard deviation. Note 
that the significant difference in the level of TNF-α between healthy and obese people was 
observed only when the normalization was applied [D, p = 0.69 (Mann–Whitney U test; n.s.: not 
significant) without normalization; E, p = 0.006 (Student’s t-test) after normalization]. 
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Calibration curves for total protein and TNF-α. (A) A calibration curve of BSA for total protein and (B) for 
TNF-α. The experiment was repeated three times and the average was used for calculations. The data are 
shown as means ± the standard error of the mean (SEM). The unit a.u. stands for arbitrary unit.  
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Simulation experiment of total protein normalization. (A) Principle of the simulation experiment. In this 
simulation, difference in the TNF-α concentration reflects the physiological TNF-α amount on the skin, and 
the droplet volume reflects the difference in protein adsorption to the membrane, which can be estimated by 
the amount of BSA (i.e., total protein). (B) Experimental paradigm. In this experiment, different (1, 1.5, or 
2 µl) volumes of the same concentration of BSA (300 ng µl−1) with different concentrations of a TNF-α [700 
(high) or 350 (low) pg µl−1] mixture were applied to separate membranes and analyzed according to the 
calibration curves. (C) As expected, the detected amount of TNF-α was proportional to the droplet volume, 
although the concentration of TNF-α was the same. Note that the different concentrations of TNF-α were 
falsely detected as the same amounts due to the droplet volume (denoted by §). (D) The amount of BSA 
(total protein) showed similar results, corresponding to the applied volume of the mixture. (E) As a result of 
total protein normalization, high and low concentrations of TNF-α could be distinguished regardless of the 
applied volume (repeated three times; *p < 0.0001). n.s.: not significant. The experiment was repeated 
three times and the average was used for calculations. The data are shown as means ± SEM.  
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Total protein normalization of skin blotting on human subjects. (A) Variation of total protein amounts on the 
membrane. In boxplot, each border in the box shows the 25, 50, and 75 percentile from the bottom, with a 
min–max whisker. (B, C) Examples of total protein staining (B) and TNF-α immunoblotting (C). The same 
number indicates the same membrane. (D, E) Plots of TNF-α amount without (D) or with (E) normalization 
in healthy (BMI < 25; n = 13) and obese (BMI > 30; n = 5) males. In (E) the data are shown as means ± 
standard deviation. Note that the significant difference in the level of TNF-α between healthy and obese 
people was observed only when the normalization was applied [D, p = 0.69 (Mann–Whitney U test; n.s.: not 
significant) without normalization; E, p = 0.006 (Student’s t-test) after normalization].  
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